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From: Ed West, Ph.D., Jones & Stokes 
  

cc: Jim Goodwin, U.S. Bureau of Reclamation 
Bart Prose, U.S. Fish and Wildlife Service 
Don Wagenet, Navigant Consulting, Inc. 
Steve Centerwall, Jones & Stokes 
Colleen Smith, Jones & Stokes 

  
Subject: Site Assessment of the Battle Creek Salmon and Steelhead Restoration Project 

Area—Assessment of Bat Habitat in Water Diversion Tunnels 

 

Introduction 

Field surveys of water diversion tunnels at Inskip Diversion Dam, Eagle Canyon Diversion Dam, 
and along South Battle Creek Canal were conducted on January 28 and 29, 2002, during a site 
assessment of the Battle Creek Salmon and Steelhead Restoration Project area.  The purpose of 
surveying the water diversion tunnels was to determine the presence of hibernating bats and to 
assess the potential suitability of these tunnels for use by bats during spring, summer, and fall. 

On January 28, water was diverted from the Inskip Diversion Dam tunnels, which allowed Jones 
& Stokes to conduct walk-through surveys in tunnels 1, 2, and 3.  Additionally, Jones & Stokes 
biologists conducted visual assessments of habitat conditions at the entrance and exit portals of 
tunnels 7, 8, 9, and 10 along the South Battle Creek Canal.  Normal water flow was maintained 
in these latter tunnels and therefore the tunnels were not entered. 

On January 29, Jones & Stokes biologists conducted walk-through surveys in tunnels 1, 2, 3, 4, 
and 5 along the Eagle Canyon diversion route.  Jones & Stokes biologists also conducted visual 
surveys of general habitat conditions at the portals of South Battle Creek Canal tunnels 1, 2, 3, 4, 
5, and 6.   

Results of the Field Survey 

One hibernating bat was found inside Inskip Tunnel 3, approximately 100 feet from the entrance 
portal.  From its general size and coloration, this bat appeared to be a big brown bat (Eptesicus 
fuscus); however, it was not disturbed to make a definitive identification.  This bat was hanging 
from the ceiling approximately 9 feet above the bottom of the tunnel.  It was not secluded in a 
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crevice or other niche in the rock wall.  It was approximately 4 feet above the normal surface of 
the water as determined by the height of the waterline on the side of the tunnel. 

Suitable Tunnel Habitat Conditions 

The following sections describe criteria used to assess the potential suitability of the tunnels for 
bat hibernation, maternity colonies, summer day (nonmaternity) roosts, and summer night roosts. 

Hibernation.  During hibernation, bats lower their body temperature to near ambient conditions.  
This lowered body temperature allows them to conserve energy through reduced metabolic 
activity and thereby survive off stored fat for the duration of the winter.  Cold (1–5oC), stable 
temperatures are optimal, though some species will continue to hibernate at 10oC.  High 
humidity is also important to bats during hibernation to reduce the potential for dehydration.  
Finally, it is critical for hibernating bats to be undisturbed.  Bats forced to arouse from 
hibernation by disturbance can expend vital energy reserves needed to survive the winter and 
can, in fact, perish from starvation if they do not have enough energy to emerge from hibernation 
in the spring.  

Maternity Colonies.  Pregnant and lactating females must maintain high body temperatures to 
provide optimal gestation and nurturing of their young.  Maternity roosts therefore must be warm 
enough to allow the females to maintain normal active body temperature (40oC) without 
expending extra energy to stay warm.  Because of the energy requirements of gestation and 
lactation, pregnant and lactating females cannot enter torpor if temperatures turn cold without 
jeopardizing the survival of the young.  By contrast, male bats can enter torpor any time to 
conserve energy and often roost in colder areas away from the maternity colony.  The absence of 
disturbance is also an important factor in maternity colonies; females may drop or abandon their 
young if disturbed. 

Summer Day (Non-Maternity) Roosts.  Optimal day roosts are commonly found in secluded, 
dark, and quiet sites.  Temperatures may vary according to the prevailing outside temperatures, 
but should not get too hot or too cold.  These roosts are also generally in areas inaccessible to 
predators. 

Summer Night Roosts.  Bats commonly retreat to night roosts for short periods during the night 
to rest and digest food between foraging flights.  Night roosts are usually more exposed and have 
less stable temperatures than day roosts.  Individual bats often use a number of different night 
roosts.  If disturbed from one roosting site, bats can often use others, if available.  
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Site Evaluations 

The following sections describe habitat conditions for each tunnel, as observed during the 
January 28 and 29, 2002, field surveys of the project area.  

Inskip Diversion Dam Tunnels.  An evaluation of Inskip Diversion Dam tunnels 1, 2, and 3 is 
described below. 

� Tunnel 1 is a short tunnel that is open to daylight and receives constant airflow.  No crevices 
were observed, and the tunnel does not have a vaulted ceiling.  Tunnel 1 would be suitable 
for night roosts only. 

� Tunnel 2 is of moderate length.  The tunnel offers some seclusion.  No crevices were 
observed, and the tunnel does not have a vaulted ceiling.  Tunnel 2 offers good night roosting 
habitat and could potentially be suitable as a day roost for small numbers of bats. 

� Tunnel 3 is long with good seclusion, several crevices, and 1 area with a vaulted ceiling.  
This tunnel would be suitable for a maternity colony, day roosts, and night roosts.  Tunnel 3 
would also be suitable for hibernation, as evidenced by the presence of 1 hibernating bat. 

Eagle Canyon Diversion Dam Tunnels.  Sheets of water present at both the entrance and exit 
portals would likely impede flight access by bats to all Eagle Canyon tunnels (tunnels 1 through 
5).  This condition, if it continues throughout the summer and fall, would probably prevent bat 
usage in all of these tunnels.  The interior of the tunnels did not have any significant crevices, but 
one area in tunnel 4 had an elevated ceiling, which would be suitable for bat use if bats could 
gain entrance to the tunnel. 

South Battle Creek Canal Tunnels.  Direct access to the South Battle Creek Canal tunnels 
(tunnels 1 through 10) was not possible because of flowing water.  However, the basic structure 
of the tunnels appeared to be very similar to the Inskip Diversion Dam tunnels.  The water level 
at each tunnel was low enough to allow easy passage of bats into the tunnels.  If the water level 
rises to a 1-foot clearance or less between the tunnel ceiling and the water surface, use by bats 
may be restricted during the period when the water level is high.  Several tunnel characteristics 
observed during the field survey indicate that, if access is adequate, bats could use the tunnels, 
particularly the longer tunnels, during both winter and summer months.  During winter, the 
constant flow of cold water would create a stable, cold, humid environment favorable for 
hibernation.  Also, disturbance is not likely to occur in the tunnels.  If natural crevices or vaulted 
ceilings exist in the tunnels, these characteristics would provide highly suitable conditions for 
hibernating bats, maternity colonies, and nonmaternity day and night roosts.  
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Additional Survey Requirements 

Bats could potentially use the surveyed tunnels for hibernating, maternity roosts, summer day 
and night roosts, and migratory stopover roosts.  It is presently unknown which, if any, of these 
uses occur.  Hibernation has been verified by the single bat observation.  Additional seasonal 
surveys will be required to determine the presence of bats and their use of the tunnels at other 
times of the year.  Table 1 summarizes the general seasonal activity patterns of 7 species of bats 
that could potentially use the tunnels or occupy nearby crevices or cliffs within or near the 
project area. 

Table 1.  Activity Patterns of 7 Species of Bats with the Potential to Occupy the Surveyed Area 
 

Species Temporal Patterns 

Pale Townsend’s 
big-eared bat 
[Corynorhinus 
(=Plecotus) 
townsendii 
pallescens] 

Hibernation colonies of the Pale Townsend’s big-eared bat begin forming in late October; 
numbers peak by January (U.S. Forest Service 2001).  Hibernation occurs in clusters of a 
few to more than 100 bats (Harvey et al. 1999).  Breeding starts within the first 3 weeks of 
October (U.S. Forest Service 2001).  Females congregate at maternity sites in March and 
June; males are solitary at this time.  Maternity colonies occur in 1 or more clusters of up 
to 100 bats.  Usually a single pup is born to each female between May and July, can fly 
within 3 weeks, and leaves the nursery roost after 2 months.  Long-distance migrations are 
unknown (Harvey et al. 1999). 

Spotted bat 
(Euderma 
maculatum) 

The spotted bat is capable of torpor and hibernates in some areas (U.S. Forest Service 
2001).  The bats appear solitary but may hibernate in small groups.  Altitudinal migrations 
from forests to lowlands may occur in autumn.  The bats emerge about an hour after dark 
and return to day roosts about an hour before sunrise (Harvey et al. 1999).  In the spring, 
the bats spend 3–5 minutes foraging per clearing.  More time is spent foraging around the 
same area in summer.  One young per year per female bat is born in June (U.S. Forest 
Service 2001). 

Fringed myotis 
bat (Myotis 
hysanodes) 

Hibernation of the fringed myotis bat occurs from October to March (U.S. Forest Service 
2001).  Short local migrations may occur to suitable hibernacula, but extensive migrations 
are unlikely.  A maternity group (typically 200 bats) may remain together through 
hibernation.  Mating takes place in autumn and 1 young is born to each female between 
late May and early July.  After birth, the young are placed in a separate cluster from the 
adults.  The adults fly back and forth between their roost and the cluster of young for 
feeding (Harvey 1999).  Young can fly in about 20 days (U.S. Forest Service 2001). 

Long-eared 
myotis bat (Myotis 
evotis) 

The long-eared myotis bat is thought to migrate to different elevations to hibernate (U.S. 
Forest Service 2001).  Little is known of any winter activity (California Department of 
Fish and Game 1990).  Females form maternity colonies during the summer, whereas, 
males and nonbreeding females live singly or in small groups, occasionally occupying the 
same site as a maternity colony but roosting apart from it (Harvey et al. 1999).  One young 
is born to each female in late June or early July.  The species emerges at dusk to forage.    
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Species Temporal Patterns 

Long-legged 
myotis bat (Myotis 
volans) 

The long-legged myotis bat is relatively tolerant of cold temperatures, which may extend 
the prehibernation period (Harvey et al. 1999).  This bat is believed to make short, local 
migrations for hibernation (U.S. Forest Service 2001).  There are usually more males than 
females at hibernation sites (Harvey et al. 1999).  Maternity colonies are moderately 
gregarious, as are late summer swarming and hibernation groups.  In Canada, the bats 
swarm in August and begin hibernation by late September (Nagorsen and Brigham 1993).  
Females give birth between May and August.  The species emerge in early evening to 
forage and are active throughout the night with peak activity occurring during the first 3–4 
hours after sunset. 

Small-footed 
myotis (Myotis 
ciliolabrum) 
 

Movements of the small-footed myotis to hibernacula are probably local (California 
Department of Fish and Game 1990).  The bats hibernate in groups of up to 50 or more 
bats from November to March (U.S. Forest Service 2001).  Maternity colonies usually 
consist of 12–20 individuals.  Typically 1 but sometimes 2 young are born between May 
and June (Harvey et al. 1999).  Most young fly by mid-August (California Department of 
Fish and Game 1990).  Males tend to roost singly (U.S. Forest Service 2001).  Foraging 
begins at dusk and shortly after sunset, with peaks of activity between 10 p.m. and 
midnight and between 1 a.m. and 2 a.m. (California Department of Fish and Game 1990). 

Yuma myotis bat 
(Myotis 
yumanensis) 

Winter habits of the Yuma myotis bat are poorly understood, but the bat probably makes 
local or short migrations to hibernation sites (California Department of Fish and Game 
1990).  In late May and early June, nursery colonies form (Harvey et al. 1999).  Males 
scatter and lead a solitary lifestyle, foraging at higher elevations (Grinnel 1918).  One 
young is born to each female in late May or early June (Harvey et al. 1999).  Nursery 
roosts are abandoned in autumn for migration (dispersal).  Migration location and distance 
are unknown.  These bats emerge to forage when it is nearly dark.  After feeding, they 
retreat to a temporary night roost near the feeding area (Nagorsen and Brigham 1993). 

Source:  Prose, B. 2001.  Memo:  Preliminary mitigation recommendations for bats potentially affected by Battle 
Creek Salmon and Steelhead Restoration Project.  August.   
 
The following text summarizes pertinent seasonal activity information provided in the previous 
table. 

� Hibernation generally can start in October and last until March. 

� Maternity colonies can form as early as March. 

� Peak birthing occurs between May and July. 

� Mating commonly occurs at the maternity roost following completion of rearing of the 
young, approximately 2 months after the young are born.  Migration, if it occurs, will follow 
soon after.  

� Resident species may be present in the tunnels year round. 

Surveys to determine the presence of bats in the tunnels should be conducted during the spring 
(March through mid-May), summer (June through August), fall (mid-August through mid-
October), and winter (November through February).  No detection of bats in the tunnels at any 
one of these seasons does not necessarily mean the tunnels are not used during other seasons.  
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However, the most sensitive periods in relation to impact on bat species would occur during the 
spring breeding season (maternity period) and winter (hibernation period).   

Impact Avoidance, Minimization, and Mitigation Recommendations 

Prior to all construction activities, surveys to determine the presence or absence of bats should be 
conducted as prescribed above at least 1 year prior to construction.  If use of the tunnels is not 
detected or if bat use occurs periodically (i.e., bats are not present during 1 or more seasons), 
construction activities should be restricted where practicable to the nonuse periods.  If bat use is 
year round, potential disturbance impacts can be minimized if construction occurs during the 
nonbreeding and nonhibernation periods.  If impacts are unavoidable during any season, selected 
minimization actions, including temporary closure and sound proofing of tunnel entrances during 
the day, can be implemented to reduce disturbance of roosting bats.  All appropriate mitigation 
measures used to avoid disturbance should be developed during consultation with bat specialists 
and the U.S. Fish and Wildlife Service before disturbance occurs. 

Decommissioned tunnels offer an excellent opportunity to develop compensatory enhancement 
of bat habitat.  Abandoned tunnels can be enhanced for bat habitat by dewatering the tunnels and 
installing tunnel baffles, end walls, and bat gates.  Figure 1 shows the designs of 4 different 
tunnel endwall patterns and their effects on the airflow, temperature, and humidity in the tunnels.  
The optimal design will depend on the length and general conformation of the tunnels.  For 
shorter tunnels, baffles can be installed to create larger pockets of stable microclimate areas 
favorable for roosting.  These designs are specific for the creation of favorable habitat for 
hibernacula.  Designs for maternity roosts will be different, depending on the interior 
conformation of the tunnels and airflow patterns created following dewatering.  Prior to the 
installation of any of these designs, the microclimate of the interior should be monitored to 
document air flow, temperature, and humidity patterns.  The final design for entry closure should 
be developed in consultation with bat specialists knowledgeable on the physiological and 
behavioral requirements of the species that would occupy the tunnels.  

Except for complete tunnel closure, the designs in figure 1 leave sizeable openings in the 
endwalls.  The construction is also based on the use of cinder blocks.  Both conditions would 
allow easy access and vandalism.  Protection of the tunnels from unauthorized entry and 
destruction could be achieved by the installation of steel bat gates.  The American Cave 
Conservation Association has developed designs for bat-compatible gates that have been 
approved by Bat Conservation International.  Copies of these designs are attached to this report 
(attachment 1).  Prior to installation, any tunnel closure must first be approved by the appropriate 
state and federal authorities.  All construction should be performed by experienced contractors.   

Bat Conservation International offers annual workshops on bat gate design and installation.  The 
next workshop will be held March 4–6, 2002, in Austin, Texas.  Information on these program 
and registration materials for the workshop is attached to this report (attachment 2).  



February 15, 2002 
Page 7 

Literature Cited 

California Department of Fish and Game.  1990.  California=s wildlife:  vol. III, mammals.  
California Wildlife Relationships System.  Sacramento, California. 

 
Grinnel, Hilda Wood.  1918.  A synopsis of the bats of California.  University of California 

Publications.  Zoology.  Vol. 17, No. 12.  January 31, 1918.  Berkeley, CA:  University of 
California Press. 

 
Harvey, Michael J., Scott J. Altenbach, and Troy L. Best.  1999.  Bats of the United States.  

Arkansas Game & Fish Commission and U.S. Fish and Wildlife Service. 
 
Nagorsen, David W., and Mark Brigham.  1993.  Royal British Columbia Museum Handbook.  

Bats of British Columbia.  Vol. 1, The Mammals of British Columbia.  Vancouver, BC 
V6T 1Z2:  UBC Press, University of British Colombia, 6344 Memorial Road. 

 
U.S. Forest Service.  2001.  Sierra Nevada forest plan amendment, final environmental impact 

statement.  Appendices, Vol. 3, Chapter 3, Part 4.  U.S. Department of Agriculture Forest 
Service, Pacific Southwest Region.

 






























































	Memorandum
	Introduction
	Results of the Field Survey
	Suitable Tunnel Habitat Conditions
	Site Evaluations
	Eagle Canyon Diversion Dam Tunnels.  Sheets of water present

	Additional Survey Requirements
	Impact Avoidance, Minimization, and Mitigation Recommendatio
	Literature Cited

